Bacterial strains in our culture collection similar to the recently proposed species Thermoleophilum album were examined for generic relatedness. We compared these obligately thermophilic hydrocarbonoclastic bacteria by determing the electrophoretic patterns of enzymes and soluble proteins and by using deoxyribonucleic acid-deoxyribonucleic acid hybridization techniques. Included in the hybridization study together with these strains were members of the genera Thermus, Thermomicrobium, and Bacillus. Our results confirmed that Thermoleophilum is a valid genus since no measurable reassociation was observed with the members of the other genera examined. There are two homology groups within the genus Thermoleophilum; T . album strain HS-ST (= ATCC 35263T) (T = type strain) represents the type species of the genus, and Thermoleophilum minutum sp. nov. is a second species proposed here. The type strain of T . minutum is strain YS-4 (= ATCC 35265).
The isolation of gram-negative obligately thermophilic bacteria restricted to growth on a narrow range of n-alkane substrates has been reported previously (14, 20) . Based on the unique substrate specificity and the absence of phenotypic similarity to any of the previously described genera of obligate thermophiles, the genus Thermoleophilum was proposed (20) . The type species was designated Thermoleophifum album. A complete description of the physiology and morphological characteristics of this organism has been presented elsewhere (14, 20) . Brief descriptions of this bacterium and other thermophilic hydrocarbon-utilizing bacteria are also presented in Bergey's Manual of Systematic Bacteriology (16) . This study was undertaken to clarify the relationship between the type species of Thermoleophilum and a second species of the genus proposed here. This genus was also compared with other obligately thermophilic genera at the genomic level by using deoxyribonucleic acid (DNA)-DNA hybridization and by electrophoresing cell-free extracts to examine selected proteins and enzymes (8, 15) .
MATERIALS AND METHODS
Bacterial strains. Thermoleophilum album ATCC 35263T (T = type strain) and phenotypically related strains have been described previously (14, 20) . The sources of the strains related to Thermoleophilum examined are shown in Table 1 . Bacillus stearothermophilus 1518s was obtained from P. Foegeding, North Carolina State University, Raleigh. Thermus aquaticus (6) and Thermomicrobium roseum (9) were obtained from R. F. Ramaley, University of Nebraska, Lincoln. Strains LEH-1 and NR-9 are obligately thermophilic organisms that are capable of growth either on n-alkane substrates or on more oxidized complex media (13). DNA hybridization. DNA was isolated and purified as described previously (20) . Labeled DNAs were prepared by nick translation of chromosomal DNAs from strains HS-ST and YS-4T, using [cx-32P]deoxycytidine triphosphate (17) . DNA reassociation reactions were performed as described by Kloos and Wolfshohl ( l l ) , with the following modification: reassociation reactions were carried out for 36 h at 62 and 76°C (optimal and stringent criteria, respectively). Both the percentages of relative binding and the thermal stabilities of reassociated duplexes were determined by previously described procedures (3-5). The length of time and the temperature used for the reassociation reactions were selected so that they provided maximum reassociation in homologous reactions (strain HS-ST, 34.8 +-1.8%; strain YS-4T, 58.6 5 2.0%) while maintaining the background level of reassociation of labeled fragments at a minimum (strain HS-ST, 4.6 k 0.6%; strain YS-4T, 12.2 +-0.6%).
Polyacrylamide gel electrophoresis. For comparisons of cellular enzymes and proteins all strains were grown under identical conditions (20) to late exponential phase, collected, washed, and suspended in 5.0 mM MgCI2-50 mM tris(hydroxymethy1)aminomethane hydrochloride buffer (pH 7.5) at a concentration of 0.5 g (wet weight) of cells per ml of buffer. Each suspension was placed in an ice bath and sonicated for three 1-min periods. The cellular debris was removed by centrifugation at 36,000 x g for 30 min. Protein concentrations were determined by the method of Bradford (2), using bovine serum albumin as the standard.
Discontinuous gel electrophoresis was performed as described by Davis (7). Slabs (thickness, 1 mm) were prepared with either a 10% polyacrylamide resolving gel (for determinations of catalase, esterase, and soluble protein) or a 12% resolving gel (for superoxide dismutase). The stacking gel was 5% polyacrylamide. The gels and buffers were prepared by the method of Laemmli (12) , except that sodium dodecyl sulfate was omitted. Samples were mixed with 0.1% bromthymol blue in tris( hydroxymethy1)aminomethane hydrochloride buffer (pH 7.3) containing 50% (wt/vol) glycerol and loaded at a concentration of 50 pg of protein per lane. Electrophoresis was conducted at a constant current of 30 mA per slab until the tracking dye was approximately 1 cm from the bottom of the gel.
The relative mobility of the protein was determined by staining with 0.25% (wt/vol) Coomassie brilliant blue R-250 in 40% methanol-10% acetic acid, followed by destaining with 40% methanol-10% acetic acid. Catalase (19) , superox- ide dismutase (I), and esterase (8) activities were located as described previously.
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RESULTS
DNA homology. Table 2 shows that the six strains characterized by limitation to growth solely on selected n-alkanes (CI3 to C20) are closely related to the type species of Thermoleophilum, Thermoleophilum album (strain HS-ST).
With Thermoleophilum album type strain HS-5 as the source of radiolabeled DNA, reassociation reactions showed levels of relatedness of 80% or greater under optimum conditions and 76% or greater under stringent conditions between strain HS-ST and strains YS-3, NM, and RR-D, whereas strains YS-4T and PTA-1 each showed less than 50% reassociation with strain HS-ST (43 to 44% at the optimum temperature; 25% at the stringent temperature). When strain YS-4T was the source of radiolabeled DNA, the reassociation reactions indicated that there were equivalent levels of relatedness among the organisms within and between the two groups. Strains HS-ST and YS-4T showed no significant levels of homology (values less than background values) with any of the other thermophilic bacteria tested ( Table 2) . The organisms tested included B . stearothermophilus, Thermus aquaticus, Thermomicrobium roseum, and hydrocarbonutilizing strains LEH-1 and NR-9. Thermal elution profiles indicated that these organisms which require hydrocarbon substrates can be divided into two homology groups (Fig. 1) having a difference in thermal stability of 7°C in reassociation experiments.
Previous reports (14,20) indicated that there are no readily discernible phenotypic differences among the organisms that require n-alkane substrates. All are small, gram-negative, rod-shaped, immotile bacteria without pigmentation. The pH optimum for the six strains tested was near neutrality, and the optimum growth temperature (60°C) was the same for all of these strains. Polyacrylamide gel electrophoresis of the total protein released from cells by sonication and the mobility of selected enzymes in cell extracts were used as possible means for ascertaining whether there are differ- bacteria (8, 18) and have been suggested for a number of applications, including numerical taxonomy (10) and preliminary screening of flora in a microcosm (15) . The electrophoretic mobilities of superoxide dismutase, catalase, and esterase were similar in the six strains which we studied ( Table 3 ). The enzyme mobilities of strain LEH-1 and Thermus aquaticus, which were selected as representatives of other thermophilic taxa, were markedly different. The electrophoretic mobilities of the proteins released by sonication (Fig. 2 ) from the six thermophilic strains that required hydrocarbon substrates divided the organisms into two groups, one containing strains YS-4T and PTA-1 and the other containing strains HS-ST, NM, RR-D and YS-3.
DISCUSSION
Results obtained from DNA-DNA hybridization studies confirmed the previous report (20) which suggested that little measurable DNA homology exists between the thermophiles that require hydrocarbon substrates and the previously described aerobic gram-negative thermophilic bacteria which we examined. Among the six physiologically and genetically related strains two homology groups are evident. The difference in the relative binding values ( 4 0 % ) suggests that there are two species. The thermal elution profiles show an average difference in thermal stability of 7°C. This difference, together with the low level of reassociation ( 4 0 % ) under optimal conditions, suggests that the two groups are sufficiently different to warrant separation into two species.
The values obtained for homologous reassociation in this study were lower than the values generally reported for in vivo radiolabeled reassociation. However, the consistency in the degree relatedness, as shown by reciprocal crosses, indicates that radiolabeling by nick translation was effective. Although the percentage of homologous reassociation was somewhat higher for radiolabeled DNA from strain YS-4T than for radiolabeled DNA from strain HS-ST, the reassociation values for heteroduplexes were equivalent in both sets of reactions. The reassociation values obtained for strains YS-3, NM, and RR-D with radiolabeled DNA from strain HS-ST were quite close at the optimal temperature (>SO%) and decreased little at the stringent temperature. There was >50% relative binding at the optimum temperature between DNA from strain HS-ST and DNAs from strains YS-4= and PTA-1. This relative binding value decreased markedly at the stringent temperature. Similar determinations with radiolabeled DNA from strain YS-4T indicated an analogous degree of relatedness between the two groups.
The electrophoretic mobilities of the three enzymes examined were similar in the five strains examined. Extracts were obtained from the organisms in the late exponential phase of growth. The growth conditions for the organisms (i.e., inoculum size, temperature, aeration) were equivalent, and equal amounts of protein were added to each gel. The closeness of the Rf values for catalase, esterase, and superoxide dismutase suggest that these enzymes are similar in the obligately hydrocarbonoclastic organisms which we studied. The electrophoretic patterns for these enzymes from Thermus aquaticus and strain LEH-1 were markedly different from the patterns for the enzymes from the organisms described above. While the growth conditions for the latter differed, the patterns of the enzymes indicated that the proteins are distinctly different.
The total cellular proteins ( Fig. 2 ) in extracts from the six strains that required n-alkanes could be divided into two groups. Lanes 1 and 2 (strains YS-4T and PTA-1) shared most of the protein bands in evidence, and this was also the case for lanes 3 through 6 (strains YS-3, NM, RRD, and HS-5'9. Equal amounts of proteins were applied to each gel, and the proteins were obtained from cells grown under identical conditions. These results, together with the thermal elution profiles (Fig. l) , suggest that the strains should be grouped in two related sibling species as described below.
Thermoleophilum album. Thermoleophilum album is the type species of the genus Thermoleophilum. The type strian of this species is strain HS-5 (= ATCC 35263), and other strains are strains YS-3 (= ATCC 35264), NM (= ATCC 35266), and RR-D (= ATCC 35267).
Thermoleophilum minutum sp. nov. Thermoleophilum rninutum (mi. nu'tum). (L. adj. minutum small, referring to cell size) is the second species designated in the genus Thermoleophilum; a description of this genus has been published previously (20) .
The type strain is strain YS-4 (= ATCC 35265), which was isolated from a hot spring in Yellowstone National Park, wyo.
Rod-shaped cells 1.5 pm long. Nonmotile. Nonspore forming.
Aerobic. Catalase positive. Growth occurs between 45 and 70°C, with an optimum temperature of 60°C. Growth occurs at pH values ranging from 6.0 to 7.0, with an optimum pH of 6.8.
Only n-alkanes from 13 to 20 carbons long can be utilized as sources of carbon and energy.
The guanine-plus-cytosine content of the DNA is 70.0 mol%.
An additional strain is strain PTA-1 (= ATCC 35268).
